The interactions of methanogens with other organisms in natural habitats are various. At a metabolic level methanogens may compete for substrates with other bacteria and are involved in mutualistic interactions with non-methanogenic bacteria. Mutualism between methanogens and protozoa also occurs and, in addition, methanogens interact physically as episymbionts of rumen ciliates. Knowledge of 'mixed culture' interactions, in nature and in the laboratory, is relevant to the technological application of methanogenic mixed cultures in anaerobic digestion because metabolic interactions and physical associations of bacteria in films and granules determine the performance of digesters.
1983), although the mechanism for this is not known and cannot yet be controlled.
Conclusion
The interactions of methanogens with other organisms in natural habitats are various. At a metabolic level methanogens may compete for substrates with other bacteria and are involved in mutualistic interactions with non-methanogenic bacteria. Mutualism between methanogens and protozoa also occurs and, in addition, methanogens interact physically as episymbionts of rumen ciliates. Knowledge of 'mixed culture' interactions, in nature and in the laboratory, is relevant to the technological application of methanogenic mixed cultures in anaerobic digestion because metabolic interactions and physical associations of bacteria in films and granules determine the performance of digesters. 
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The ability of many micro-organisms to adapt themselves to a host of unpromising environmental conditions, and maintain themselves in those conditions by growth at the expense of chemically reactive, sometimes frankly noxious, man-made compounds, has figured prominently in the microbial biochemistry literature in the last two decades. Biochemists have traditionally preferred to probe the individual steps of the catabolism of these xenobiotics with cells or extracts from pure cultures, 'asking questions of Nature one at a time' (Dagley, 1978) , but there is a growing realization among microbiologists that the obsession with pure-culture techniques may well be the cause of frequently poor correlations between biodegradative kinetics in the laboratory and in the field. The catabolic potential of individual organisms raised, for instance, in batch culture on high substrate concentrations of a herbicide in the laboratory may have little relevance to their activities on the same compound under conditions of low-nutrient status and competition with other organisms existing in soil.
In previously unchallenged environments, the presence of certain chemical structures, particularly sulphonate, nitro, halogeno and dialkylated amino groups, does confer significantly longer residence times to those compounds carrying them (Hutzinger & Veldkamp, 1981) . Such analogues may be poor substitutes for enzymes which attack the parent molecule (Dom & Knackmuss, 1978; Reinecke & Knackmuss, 1978; Klecka & Gibson, 1979; Brilon et al., 1981 ; Cain, 1981 ; Mant, 1982) . Adaptation to degrade such novel substrates may involve: (i) modification of the existing catabolic enzymes, transport and regulatory mechanisms, (ii) expression of the enzyme product(s) of a formerly 'silent' gene, with the appropriate activity (Hall, 1978) or (iii) the organisms may acquire most, or all, of a novel catabolic pathway de mvo. Single organisms, especially under conditions favouring enhanced mutation rates, may sometimes effect the first two [see reviews by Clarke (1974) and Mortlock (1982) l but the last category would require the fortuitous accumulation of several such beneficial mutational changes at each successive step of the pathway and is much more likely to be attained by the acquisition of 'already packaged' genetic information by transformation, transduction or plasmid transfer (Reanney et al., 1983 ) from a donor organism.
Alternatively, organisms may retain their individual genetic independence but, by acting in concert as a mixed culture, combine their catabolic potential to complete the mineralization of compounds which the individual community members cannot achieve. The degradation of many alkylbenzene sulphonate detergents (Swisher, 1970; Robson, 1984) , non-ionic detergents and poly(ethy1ene glycols) (Baggi et al., 1978), synthetic ester fuels (J.Wyatt & R. B. Cain, unpublished work) and pesticides (Hill & Wright, 1979; Mant, 1982) is effected by mixed cultures in which the primary degraders that initiate breakdown are naturally succeeded by secondary species utilizing the products of the first. At the other end of the scale, however, are synergistic microbial associations in which the whole culture, but not individual components of the community, degrade the novel substrate. Such assemblages of organisms, termed consortia, or syntrophic associations, have been classified by Slater (1981) upon the type of biochemical interaction involved ; five of Slater's seven classes are well represented by examples involving xenobiotic breakdown.
Class 1 communities depend upon commensal relationships involving the provision of, or requirement for, specific nutritional factors by members of the community. Vitamin B, 2 , for example, has been implicated in communities degrading the herbicide trichloroacetate (Jensen, 1957) and the synthetic detergent 'builder', carboxymethyloxymalonate (Gledhill, 1978) while the dominant Nocardia in the cyclohexane-degrading mixed culture isolated by Stirling et al. (1977) depended upon the provision of biotin by the associated species.
Class 2 communities involve the removal, by the associating species, of metabolic products inhibitory to the producing member@) of the community. The physiology of the methanol-removing Hyphomicrobium in methane-utilizing mixed cultures (Wilkinson et af., 1974 ) is a well-quoted example, but heterotrophic nitrifiers are responsible for a similar removal of accumulating nitrite in mixed populations degrading dinitro-o-cresol, m-nitrobenzoate (CartWright & Cain, 1958) and chloramphenicol.
The existence of Class 5 communities arises from the phenomenon of co-metabolism in which the xenobiotic substrate undergoes metabolic transformations insufficient to render it usable as a nutritional or energy source. The component organism cannot of course proliferate in classical enrichment cultures unless other community members utilize the transformed product(s) and themselves render nutrients to the co-metabolizing strain. The cometabolic degradation of cyclohexane (Beam & Perry, 1974; de Klerk & van der Linden, 1974) , diazinone (Gunner & Zuckerman, 1968) , malathion (Matsumura & Boush, 1966), amitraz (Baker & Woods, 1977) and parathion (Daughton & Hsieh, 1977 ) also fall into this category. The very active parathion hydrolase found in the Pseudomonas stutzeri component of this community (Munneke, 1977) has, after immobilization by covalent bonding to glass, been employed as a detoxification agent for pesticide-contaminated effluents and containers.
Anaerobic Class 6 communities which transfer H+ among the species are represented by methane-producing cultures growing at the expense of poly(ethy1ene glycols) (Schink & Stieb, 1983) , ethylene glycol (Dwyer & Tiedje, 1983) , benzoate (Ferry & Wolfe, 1976) and phenols.
Examples of Class 4 communities in which the community, but not its individual species, effects a concerted attack on the substrate, are abundant [see reviews by Bull (1980) and Bull & Slater (1982) l. Such communities have, for instance, been incriminated in the degradation of xenobiotics as diverse as poly(ethy1ene glycol) (Kawai et al., 1977) and nylon polymers (Kinoshita et al., 1975) , linear alkylbenzene sulphonate detergents (Johanides & Hrsak, 1976) , phenols such as orcinol (Osman et af., 1976) , cyanideand acrylonitrile-containing wastes, herbicides such as pichloram (Lovatt er al., 1978) , dalapon (Senior et af., 1976) and the related 2-chloropropionamide (Reanney et af.,
1983).
The last two communities were examples of considerable complexity (involving seven and six species, respectively) yet remarkable stability, originally isolated by prolonged chemostat enrichment. Nevertheless, in both of them, after several hundred hours of continuous culture, selection events occurred which resulted in the appearance by mutation from one of the original secondary utilizers in the community of a new primary utilizer.
The examples illustrate the advantage of the chemostat in providing a permissive environment for metabolic evolution of individual cells in a mixed population which is being continually exposed to the selective pressure of an unusual nutrient source. Further, the potential exists in such mixed populations for the exchange of genetic material between members of the community. That such exchange does take place and the ways in which it happens have recently been reviewed by Reanney et af. (1983) who concluded that genetic transfer by autonomously replicating plasmids was likely to be the most successful mechanism operating for acquisition of new metabolic features by bacteria in the environment. This phenomenon was predicted by Waid (1972) to explain the maintenance of herbicide-degrading potential in soil microflora, many months after the last application of a herbicide; in the case of the herbicide 2,4-D, such plasmids have now been found (Pemberton & Fisher, 1977) but several other examples of xenobiotics degraded by plasmid-encoded pathways have subsequently come to light. The relative ease with which most such 'degradative' plasmids can be transferred between species, and sometimes genera, has led to deliberate attempts in the laboratory to 'construct' strains with enhanced xenobioticdegrading capacity by transconjugation of one or several plasmids into the same organism. Sagoo (1979) and Robson (1984) , who have 'constructed' detergent-degrading strains of Ps. aeruginosa and Ps. putida, were following earlier examples (Frielloetaf., 1976; Kelloggetaf., 1981; Williams, 1982) , but the complexity of the genetic and biochemical modifications that sometimes unexpectedly accompany such construction attempts has been most fully examined only in the case of the haloaromatic-degrading bacteria (Hartmann et af., 1979; Reinecke & Knackmuss, 1980; Williams, 1982) .
Evidence is beginning to accumulate, however, that many of these constructed strains are only weakly competitive organisms. In the absence of a permanent, selectively advantageous environment, the proportion of the plasmidcontaining population falls rapidly and irreversibly to very low values (Melling et af., 1977; Sagoo, 1979) . The sheer synthetic burden to the cell of replicating and maintaining several independent plasmids severely disadvantages such a cell in comparison with its plasmid-free counterparts. Microbial consortia, however, in which the genetic burden, is dispersed among the several community members that have evolved together to exploit it most efficiently, are more likely to be better environmental competitors.
Micro-organisms are not biochemically infallible; there still remain many xenobiotics which, by reason of their physical or chemical characteristics, degrade either not at all or at unacceptably slow rates when exposed to genetically versatile microbial communities. The use of such communities has, nevertheless, markedly shortened the list of xenobiotics which, two decades ago, were becoming labelled as biologically recalcitrant. Although there exists a large number of different cheese varieties, they all depend for their manufacture on the fermentation of milk lactose to lactic acid. This process confers microbiological stability on the cheese flavour profiles. The fermentation is effected by starter cultures which can be composed of Streptococcus lactis and its subspecies (group N streptococci), Leuconostoc lactis, Str. thermophilus, Lactobacillus helveticus and Propionibacterium shermanii. The choice of culture depends on the cheese to be made; mesophilic group N streptococci are used for cheeses whose manufacture requires vat temperatures < 40°C whereas lactobacilli and thermophilic streptococci are more suited to the 'high cook' varieties involving vat temperatures in the order of 50°C. Leuconostocs and propionibacteria do not produce significant lactic acid, but contribute C 0 2 , diacetyl and propionic acid to aid the formation of Abbreviation used : LAB, lactic acid bacteria.
typical texture and flavour in certain cheese varieties (for a review, see Law, 1982) . Single species or strains of LAB are capable of fermenting lactose to lactic acid, but there are reasons for cheese makers to choose mixed cultures. For example, the starter LAB are susceptible to bacteriophage infections which can result in slow acid production or complete failure of the culture. Mixed cultures of phage-unrelated strains overcome this problem (Law, 1982; Davies & Gasson, 1984) . Other reasons for using mixed starters relate to the need for acid and flavour production from one culture in the manufacture of cottage cheese and Emmental cheese.
Mixed cultures for cottage cheese
Cottage cheese is a soft variety which is consumed fresh and therefore depends entirely on the milk fermentation to provide its characteristic sharp, buttery flavour. The sharpness is obviously derived from lactic acid, but the butter-like flavour is attributable to diacetyl, with some attenuation provided by acetaldehyde.
Str. lactis subsp. diacetylactis (but not subsp. lactis or cremoris) and L. cremoris produce diacetyl from citrate in
